The objectives of this review are to alert the community of toxicologic pathologists to the types and significance of various diets fed to experimental animals used in safety evaluations of drugs and other chemicals, to acquaint investigators with dietary nutrients and contaminants of significance to research animals, to review some of the consequences of improper or inadequate diets on results of safety evaluations, and, finally, to offer a brief introduction to a highly promising new digital specimen technology for evaluating histopathology of tissues from animals used in safety evaluations with the aid of computers. Results that form the basis for this review have accumulated for more than 4 decades during research conducted during appointments at . The methods used in these studies have generally been state-of-the-art at the time the studies were conducted and involved an integration of techniques and methods used in fundamental nutrition, toxicology, and experimental pathology. Some of these investigations have shown that contaminants, naturally occurring and man-made, intentional and nonintentional, do occur in commercial animal diets; that essential nutrients, including total calories, protein, and fat, can be provided in less or more than adequate amounts for the species of animal used in safety evaluations; and that such variables can influence responses to chemicals through effects on xenobiotic metabolism, immunocompetence, secondary diseases, and other factors. Under such conditions, serious differences in final interpretation of human risk for a drug or other chemical can contribute to failure to gain approval for a potentially valuable therapeutic agent. This review discusses the significance of various dietary components with examples of their effects on response of the animal to chemicals and demonstrates why nutrients, new technologies for assessing their effects, and other components in the diet should be accorded greater consideration by investigators and regulators.
INTRODUCTION
The diet represents the most complex mixture of chemicals to which humans and lower animals are exposed. Despite this obvious fact, the nutrition of animals used in safety evaluations of drugs and other chemicals have been given scant attention over the past several decades, beyond the simple provision of a &dquo;diet&dquo; essential to the support of the life of the animal. Individual nutrients and other nonnutrient components of the diet have been largely ignored. Introduction of the Good Laboratory Practices act (30) and its implementation by regulatory agencies has done much to improve the diets of rodents used in preclinical safety evaluations. Equally important, however, is the realization by some segments of the drug research and development community that the diet and especially its total intake can influence profoundly the response of animals to drug exposure (7) . A highly significant aspect of diet, total caloric intake, has come under intense study, mainly as a result of the studies based at The National Center for Toxicological Research (NCTR), U.S. Food and Drug Administration (FDA), Jefferson, Arkansas, under auspices of the FDA and the National Institutes of Healths Aging Institute. This minisymposium at the 1996 Annual Meeting of the Society of Toxicologic Pathologists about the effects of food restric-tion on risk assessment is a reflection of that commendable interest. This review covers a more general description of effects of a broader range of dietary components on experimental animals in order to provide a more comprehensive perspective; much of the work described here has been conducted in our laboratories over the past 30 yr and is reported in referenced journals.
MATERIALS AND METHODS
The materials and methods used in acumulating the data reported here were a composite of those used in fundamental nutritional biochemistry, experimental pathology, and toxicology at the time the studies were performed. In many cases, there was an integration of techniques and methods from all 3 of the major disciplines. (19) , abridged, by permission.
In some cases, additional data have been retrieved from literature sources. Details of the experimental work can be found in the various references.
RESULTS

Types of Laboratory Animal Diets, Advantages and Disadvantages, and
Nutrient and Contaminant Variations Three major types of diets (19) are prepared for animals used in safety evaluations including (a) naturalproduct, unrefined, largely cereal-based formulations usually referred to as &dquo;chow-type&dquo; diets; (b) semipurified diets, formulated from refined nutrient ingredients; and (c) chemically defined diets. The natural-product (chowtype) diet is the most widely used for practical reasons. It is economical, readily available, and acceptable to all species. Disadvantages include a relative lack of quality control and variability in nutrient content, and they sometimes contain contaminants. Semipurified diets have good quality control and reproducibility between laboratories, and specific nutrients can be easily varied. These diets are expensive, even if formulated in your own diet kitchen, and require specialized equipment. Chemically defined diets have all nutrients identifiable with exact quality control. They are the most expensive of the 3 types and are used only under special circumstances.
The unrefined, natural-product diets are formulated from animal and vegetable proteins and fats, oil seeds, legumes, cereal grains, organic or inorganic sources of minerals, and added vitamins. The sources of protein, fat, and carbohy- drate vary depending on cost and, thus, the quality of protein and fat, particularly, vary accordingly. The nutrient content of natural products depends on climatic conditions, soil, time and sequence of harvest, and storage. A change in source or amount of raw materials thus alters the content and quality of macro-and micronutrients available in the diet, even though the guaranteed analyses remain the same. This does not assure one, however, of a standard biological value of the ingredients nor the potential for growth and reproduction in animals consuming it.
Lack of training and experience in nutrition and nutritional methods sometimes results in mistakes, particularly with semisynthetic diets, leading to erroneous assumptions and misleading statements (24) about the adequacy of the formulations. The utility and adequacy of semisynthetic diets have been clearly documented many times in the nutrition and food science literature (18) , a major disadvantage being the increased expense, compared to cereal-based types. Table I , from Newberne et al (18) , lists data illustrating the comparable results of cerealbased and semisynthetic diets using purified ingredients in one of the most demanding tests, that of generational studies. Reproduction and survival were equal to or better in rats and mice maintained for up to 5 generations on semisynthetic diets, compared to the natural unrefined diet. Table I lists results from only F and F3 generations, but the results were comparable through the F5 generations for both species.
Variations in Nutrient Content and Contaminants
For many years, our laboratory collected samples of commercially available rodent diets (chow-type) for analysis of selected nutrients and environmental contaminants (19) . Only a few examples are shown in Table II, but a   TABLE III. -Chemical carcinogenesis in rats fed natural product or semisynthetic diets in the same laboratory. (19) . From the random sampling, it is clear that the major dietary constituents vary considerably, depending on source, climate, season of the year, and other factors. For example, minerals would vary depending on whether bone meal or the more concentrated form of calcium phosphate was added to the formulation. This would also be the case for zinc. Bone meal is expensive, compared to the salts of calcium and phosphorous ; bone meal is also an excellent source of zinc. Selenium content would depend on whether the grain (wheat) was grown on soil rich or poor in selenium or whether selenium was added as a salt.
The vitamin content depends mainly on added sources because limited amounts are contained in most natural products, with the exception of vitamin A and the carotenoids. Methionine (from protein) is low in oil seeds (oil seeds as source of protein) and in most plant proteins.
Corn used in the formulations is low in available tryptophan (which is derived primarily from niacin); thus, it is generally low in these samples.
Toxins, as contaminants, including pesticides, are generally not present in detectible concentrations in current formulated feeds or, rarely, in low amounts, because of GLP requirements. Prior to GLP and consequent surveillance, a number of contaminants were identified in various samples of rat chows. Lead is usually present in measureable amounts because it is nearly impossible to find cereals and plants free from environmental lead contamination. Whatever the source of ingredients of cerealbased diets, however, if the formulation is reasonably well balanced, these natural, unrefined diets almost invariably offer protection against toxins and carcinogens, compared to the refined semisynthetic diets. Table III illustrates the protective effects in studies conducted in our laboratory (19) and, with the exception of the synthetic estrogen diethylstilbestrol, the natural unrefined diet protected from carcinogenic effects.
INFLUENCE OF DIETARY COMPONENTS
Total Caloric Intake-Excess Energy Intake
This minisymposium is mainly about dietary restriction, including effects of total calorie intake on biological systems. Because of the extensive coverage by others on caloric intake this presentation will refer only briefly to our work on caloric intake with emphasis on 1 specific example of obese dogs and a loss of resistance to infection. Other aspects of the diet of significance in safety evaluations will be covered in more detail.
As early as the mid-1960s (12) , we demonstrated effects of obesity on response of otherwise healthy beagle dogs to viral or bacterial infection. Six-mo-old healthy male beagle dogs were fed a balanced, semipurified diet, of high palatability and digestibility for a period of time (about 6 wk) sufficient for the ad libitum group to gain about 30% more body weight than the control group. Both groups were then infected with distemper virus and the end point of central nervous system (CNS) effects were evaluated. Table IV lists typical results from one of   TABLE VI. -Influence of caloric intake on colon tumor incidence and frequency.&dquo; a -Fic. 1.-Multipower digital specimens. Digital specimens archived on CD-ROM and/or the Internet can be viewed at a different magnification power on a personal computer, serving as a digital microscope. The immediate applications of digital specimens include education and telepathology. In the future, digital specimens will provide a foundation for quantitative computer-aided tissue analysis and pathology automation. -Single-cell resolution digital specimen. The computer-aided analysis of the single-cell resolution digital specimen (a) has revealed that mitoses (b, c) and fatty cysts formation (b-e) occur simultaneously, leading to multinucleation of hepatocytes. the studies. Clearly, the CNS effects of distemper virus were enhanced by excess calories for only 6 wk duration. Conversely, restricting the diet to a constant weight of about 10 kg protected that group from the CNS damage. Similar responses were observed in obese dogs exposed to bacterial infection (32) .
Restricted Caloric Intake
In a study with rats (22) using 75% restriction of the diet and administering a toxic dose of monocrotaline, a nephrotoxic and hepatotoxic chemical, caloric restriction clearly protected from hepatic carcinogenicity. Results shown in Table V demonstrate the moderating and protective effects of dietary restriction.
With respect to chronic effects on neoplasia associated with different levels of caloric intake, we have not found that increased calories from fat has any influence on incidence or frequency of colon tumors (22) . The cumulative results of 6 large studies illustrate that increased fat had no influence on tumor induction by dimethylhydrazine or nitrosomethylurea. However, when food intake was used to calculate total energy intake, those rats consuming the most energy had the highest tumor incidence, irrespective of the dietary level of fat. This was observed only in the Sprague-Dawley strain, not in the Fischer-344 strain, illustrating the precarious nature of assigning dietary effects without considering other factors. See Newberne et al (20) for details.
In another study (16) , which provides compelling evidence for a beneficial effect of restricted calories, and at a precarious time for developing young, female rats were fed a semipurified balanced diet throughout gestation and afterward. After littering, the females and litters were treated in 1 of 3 ways as follows: Group A was reduced to 8 per litter at birth; Group B was reduced to 4 per litter; and Group C was reduced to 4 per litter at birth and pair-fed to Group A after weaning. The rats were given a carcinogenic dose of dimethylhydrazine, and 10 wk after the last dose they were sacrificed and subjected to a complete necropsy. Cumulative tumor incidence and frequency, shown in Table VI , paralleled weight gain during postnatal life. It also appeared that the early postnatal period, when the rats in litters of 4 were consuming more calories or, conversely, litters of 8 were consuming less, was a critical time for exposure.
(The influence of restricted diets on rodent studies will be fully covered in this symposium by others, as noted earlier. For this reason, additional discussions about restriction, in the context of safety evaluations, will be deferred to other presentors who will deal with the subject in considerable detail.)
Protein
Limiting protein intake is generally considered to favorably influence structure and function of some systems, particularly the liver and urinary tract. Some reports (23) indicate that reduction in protein significantly decreases nephropathy, without decreasing body weight in rats. Others (8) attribute the decrease in rodent nephropathy to total dietary restriction and suggest that protein is not a major factor in this protection. We have found a protec-tive effect of lowering dietary protein on the induction of liver cancer in rats by aflatoxin (20) . Table VII shows the linear decrease in tumor incidence as dietary protein is reduced. Others have found similar effects that appear to relate to a shift in the balance of metabolism of the carcinogen from activation to detoxification (changes in activity of some of the isoenzymes of the P-450 series).
Amino Acids and Related Nutrients
There are many interesting and significant research projects in progress dealing with amino acids and their pyrolysis products (heterocyclic amines) in foods, many of which are highly mutagenic, and some are carcinogenic in rodents (10, 29) . These substances are providing important data on food toxicology and related matters.
Lipotropes and Fatty Liver-An Historic Note. Another important area of dietary amino acids, more pertinent to this chapter, is the methyl group/lipotrope complex, which includes choline, methionine, folic acid, and vitamin B,2. A brief resume of methyl group metabolism and how it influences biological systems is described here (14) .
Insulin Discovery and Fatty Liver. The biological research that developed into &dquo;1-carbon&dquo; metabolism and methyl group research of today had its beginnings as an effort by 2 astute, observing medical scientists, to isolate the active principle from the pancreas that prevented diabetes, later identified as insulin (14) . Frederick G. Banting, a practicing surgeon in London, Ontario, Canada, had conceived the idea that the internal secretions of the pancreas might be isolated, allowing further investigations into diabetes. By ligating the pancreatic duct and allowing fluid to collect, Banting and his assistant, Charles Best, collected enough of the secretions to save a depancreatized dog and bring it back from the brink of death. This laid the groundwork for the isolation, purification, and characterization of insulin. Although the crude insulin saved the depancreatized dog from death, it lived only a few months, then it died from severe fatty liver and liver failure, unless it was fed raw pancreas.
From these studies, it was ultimately determined that the critical substances preventing the fatty liver was a complex, now known as lipotropes, or methyl group sources, comprised of choline, methionine, vitamin B,2, and folic acid (14) .
Methyl Deficiency, Aflatoxins, and Liver Cancer. A defining event in the early days of research into methyl group deficiency and its consequences was the observation by Salmon and colleagues that prolonged choline deficiency led to fatty liver, fibrosis, cirrhosis, and ultimately to hepatocellular carcinoma (26) . This observation was an anomaly in the annals of experimental carcinogenesis to that date because it represented a case of taking something out of the diet rather than adding something (a carcinogen) to it to induce a cancer. Directly related to these exciting events, another seminal event associated with the choline deficiency investigations was the discovery of the aflatoxins, a group of mycotoxins, contaminating the peanut meal used in the diet of choline-deficient rats. The presence of a carcinogen in the diet was reported (27) , but it was a few more years before the nature and identity of the carcinogen was documented (13) .
Diet and Toxic Liver Disease. Prior to the discovery of the aflatoxins in rodent diets, there were reports from veterinarians and veterinary diagnostic laboratories in the southeastern United States of outbreaks of a toxic, noninfectious liver diseases in swine, cattle, and dogs (3, 15, 28) associated with moldy com or peanuts used in formulating the feeds. The disease ws designated &dquo;hepatitis X&dquo; and was characterized as hepatitis with severe fatty infiltration. Little beyond morphologic characterization of the disease was revealed until the definitive investigations confirmed the etiologic agent and provided further morphologic and biochemical data (2, 13, 17, 21) . These observations (13) were the first known documented identification of aflatoxins contaminating the food supply in the United States. Others (1, 5) had identified a similar disease in England in swine and poultry; still other investigators had isolated and identified aflatoxins B 1 and G1 (2), but these isolations had derived from mold cultures procured from the toxic Brazilian peanut meal in the outbreak of livestock disease in Britain (1, 5) .
The important investigations reported during 1960-1965 were central to unraveling the mycotoxin outbreaks that occurred in many areas of the world during that period. Many of the outbreaks in swine, cattle, and dogs were traced to aflatoxin contamination of the animal feed.
Public health authorities organized measures to diminish mold contamination of the food supply and to maintain close surveillance of potentially contaminated foods in the market place.
Once the aflatoxin contamination and associated liver disease was defined and addressed, attention returned to the choline-deficient dietary effects in rats. Attempts to further determine the fundamental nature of the liver disease and cancer associated with it was initiated by a number of laboratories. It was revealed that some of the methyl-deficient diets used in the rat studies were also contaminated with aflatoxin via the peanut meal used in the diet, clouding temporarily the issue of choline-deficiency hepatocellular cancer in rats (13) . However, this was clarified by subsequent studies that showed that choline-deficient diets not only induced hepatocellular carcinomas in rats and mice (6, 9, 17, 27) but greatly enhanced the potential of other chemical hepatocarcinogens (25) . These reports, along with numerous others, led to widespread research efforts into mechanisms for choline-deficiency hepatocellular carcinoma as well as for other types of experimental chemical hepatocarcinogenesis. Acute Methyl Deficiency-Digital Specimen Analyses. In addition to chronic effects of methyl deficiency, acute, early liver alterations, which are of significance to late effects, are being pursued with conventional experimental methods as well as new, promising digital specimen technology (DST), with resolution to the single-cell level (Fig. 1 ). This technology permits correlation of several significant tissue alterations of the liver in the incipient stages of choline deficiency, integral to the induction of hepatocellular carcinoma. These highly accurate, reproducible measurements include the steatosis index (SI) and chromatin distribution analysis, apoptotic bodies, mitotic figures, and other macro-and micromolecules. The quantitative analysis of the whole tissue sections, at a single- the liver steatosis induced by the dietary methyl group deficiency (based on true-color image analysis of digital specimens). Depriving the hepatocyte of methyl groups (M-) inhibits lipoprotein synthesis necessary for lipid transport and results in the formation of fatty vesicles, initially in both cytoplasm and nucleus (a, b). The cytoplasmic fatty vesicles soon disappear, while nuclear vesicles increase in size (b) and become fatty cysts (c-i). Mitoses, occurring at a normal or slightly elevated rates, coincide with the fatty cyst formation (c-i) and may not always be followed by cell divisions. Cell divisions are inhibited/suspended, due, perhaps, to the presence of the nuclear inclusions (fatty cysts) and/or extranuclear chromatin distribution (outside the area of DNA synthesis). The suspension of cell divisions, simultaneous with mitoses and cystic degeneration, leads to formation of multinucleated fatty cysts (i), which are single-cell structures. The supplementing of methyl group (M+) restores the ability to evacuate fat and allows suspended cell divisions to complete (j), which, depending on the magnitude, may trigger hepatocarcinogenesis. Thus, multinucleated fatty cysts can be used as histologic markers for evaluating the degree of pending cell divisions (spikes) or neoplastic potential. cell resolution, permits results difficult or impossible to achieve otherwise. It appears that in the methyl-deficient liver it is the interactions of early events, particularly lipid accumulation and DNA/chromatin distribution that determines later events, including cancer.
Steatosis, Mitogenesis, DNA, and Chromatin Analysis. Based on our observations using true-color image analysis of digital specimens (Fig. 2) , we have developed the following hypothesis: depriving the hepatocyte of methyl groups inhibits lipoprotein synthesis necessary for lipid transport and results in the formation of fatty vesicles, initially in both cytoplasm and nucleus (Fig. 3) . The cytoplasmic fatty vesicles soon disappear, whereas nuclear vesicles increase in size and become fatty cysts. Chromatin analysis, based on true-color chromatin extraction, has revealed that the fatty cysts are lined with chromatin material (Fig. 4 ). This extranuclear fraction of the chromatin (lining the fatty cysts) (Fig. 5) , as opposed to nuclear chromatin (residing in the nucleus proper), remains inactive (does not incorporate thymidine), and this accounts for the decreased specific DNA activity and the unchanged total DNA measurements.
Fatty Cysts and Cancer Hypothesis. In the past, coexistence of the decreased specific DNA activity and the (14), methyl deficiency (M-) caused fat accumulation in the cytoplasm (a), followed by degeneration of hepatocytes into fatty cysts (b). Cell membranes of adjacent ballooned hepatocytes ruptured under pressure (c), leading to the cells coalescence (d) and, ultimately, formation of multinucleated multicell structures (e), named lipodiastaematas. The supplementing of methyl groups (M+) reversed the damage and restored the ability to evacuate fat, possibly with the assistance of the bile canaliculi, located near the cell stitches (f), leading to recovery of involved cells (g). unchanged total DNA measurements were taken as proof of cell loss and consequent compensatory mitogenesis, despite the lack of histologic evidence. It was also believed that multinucleated fatty cysts were multicell structures, formed via cell membrane rupture and coalescence of adjacent ballooned hepatocytes (Fig. 6 ). For that mechanism to work, however, the following conditions must be met: (a) involved cells must rupture at the same time;
(b) membranes must rupture at the same place; (c) rupture must occur in a way that would allow exchange of contents without emptying into extracellular space; (d) involved cells must survive; (e) all preceding conditions must succeed multiple times (up to 80 nuclei were counted in some fatty cyst structures); and (f) a mechanism must be in place for reversing all of the damage after methyl group supplementing. The new evidence reported here, obtained with computer-aided analysis of digital specimens, indicates that, in the development of steatosis: (a) mitoses occur at a normal or slightly elevated rate; (b) mitosis and fatty cyst formation occur simultaneously ( Fig. 2a-e ); and (c) mitosis (nuclear divisions) is not always followed by cell division; the latter is inhibited/ suspended due in part to presence of nuclear fatty inclusions and/or extranuclear chromatin distribution outside the area of DNA synthesis. The suspension of cell division, coinciding with ongoing mitoses and cystic degeneration, leads to formation of multinucleated fatty cysts. Thus, multinucleated fatty cysts can be used as histologic markers for evaluating the degree of pending cell division spikes, which can be stimulated by supplementing the diet with methyl group. Importance of Digital Specimen Technology. In light From Hart et al (7) , National Academy of Sciences ( 1 1), Newberne and Rogers (20) , and Williams and Newberne (32) , summarized.
of the preceding data, it is clear that reliable steatosis measurements will be of critical importance and of significant help to a toxicologist evaluating the neoplastic potential of drugs and other chemicals. Steatosis accompanies virtually any liver distress and often is the only response readily available for observation, yet it is exceedingly difficult to grade visually due to a remarkable morphologic variability in the degree of steatosis, attributed to different interlobular patterns of portal blood flow, lobar differences in protein systhesis, and utilization of methionine. The difficulty associated with the visual assessment of steatosis in histologic sections necessitates chemical lipid analysis of a liver sample, which often varies widely in its local lipid content (Fig. 7) . In chemical lipid analysis, the triglyceride accumulation, which represents the major portion of the total liver lipid, masks changes in phospholipid and cholesterol levels (20, 25, 32) , thus limiting the usefulness and interpretation of chemical analysis. The capability for reliable measuring steatosis in histologic sections has the advantages of (a) avoiding the expense of chemical analyses, (b) permitting measurements in target compartments and/or whole liver sections, and (c) allowing steatosis measurements in both frozen and fixed embedded tissues. These features are especially appealing in the retrospective study of archived materials in chemopreventive and other preclinical trials.
Preparation of Digital Specimens. To enable toxicologic pathologists to perform rapid and reliable steatosis measurements, we have developed the following method (Fig. 7) . First, digital specimens are prepared by digitizing the whole histologic section; this is accomplished by using either digital specimen technology for constructing single-cell resolution digital specimens or the 35-mm film scanner for a rapid acquisition of the sub-single-cell resolution digital specimens (Fig. 8 ). Once the digital specimens are prepared, the total area occupied by the liver section is measured; then the area occupied by fat is measured and the steatosis index (the percentage of fat in the whole section) computed. In the results reported here, the SI correlated well with the chemical lipid analyses.
Critical Period for Carcinogenesis. Our data have shown that (a) the SI can be reliably measured in whole liver sections using digital specimens; (b) the SI may be indicative of the degree of pending cell divisions in the liver; (c) it is possible that, in addition to resuming li- Table IX . The SI is computed by relating the total fat area (e) to the total section area (d). FIG. 8. -Digital specimens and resolution. Digital specimens of whole liver section, constructed with digital specimen technology (a) and using a 35-mm scanner (c), reveal the difference in their resolution. In the first case, the single cells can be resolved (b). In the second case, only the subsingle cell resolution (d) is possible (the single cells cannot be resolved).
poprotein synthesis/fat extrusion, supplementing with methyl groups initiates the completion of suspended cell divisions, which, depending on the magnitude, may be integral to initiating neoplastic or preneoplastic changes in the methyl-deficient liver; and (d) extranuclear chro-matin distribution is the likely specific event associated with steatosis, multinucleated fatty cysts, and, ultimately, the hepatocarcinogenesis process. In any case, it appears that whether methyl groups are supplied or not, some damaged hepatocytes reverse the process, extrude the fat, TABLE IX.-SIs computed in digital specimens of whole liver sections compared to chemical lipid analysis data (fat content) for the same time points. and resume cell division, but not all damage is reversed in some of the hepatocytes. During this process, which happens during the first 8-12 wk of dietary deprivation, some damaged cells escape growth regulation and proceed through clonal expansion to neoplasia. It is during this critical period that irreversible events occur and can now be identified and accurately measured with digital technology and their significance to the development of cancer documented.
Fat (Lipids)
More than a quarter century ago, dietary fat and cholesterol were linked to cardiovascular disease in American populations. A few years later, dietary fat was indicted as a primary contributor to cancer of colon and breast. The correlations between dietary fat and heart disease have been confirmed in subsequent years, and it now seems that dietary fat is somehow linked to breast cancer in women of the Western world (11) . Many case-control studies have reported positive associations for dietary fat and breast cancer, but most cohort studies fail to reproduce convincing evidence. Animal studies, however, have produced more consistent patterns and support the view that dietary fat and energy may interact in some manner to modify (enhance) breast cancer in rodents (4, 11, 31) .
We have demonstrated that either 5 or 20% of lard or corn oil in the diet influences incidence and frequency of induced breast cancer in rats Twenty percent corn oil or lard enhanced the induction of mammary tumors, compared to 5% of either, with corn oil the most positive enhancer (20) .
Other Dietary Factors and Cancer
Aside from the preceding dietary constituents, there are well-recognized effects of other components on spontaneous and induced diseases including carcinogenesis in laboratory animals. Space limitations allow for only a brief listing of those most studied; well-documented nutrients and their sites of action are listed in Table VIII. Although mechanisms for most carcinogenic activity are generally poorly understood, some of them are postulated to be (a) reduced expression of tumor viruses; (b) decreased DNA oxidative damage, in part because of detoxification by glutathione, catalase, and superoxide dismutase ; (c) general reduction of growth of all tissues, including both normal and neoplastic, because of diminished growth-promoting hormones plus growth-inhibiting corticoids; (d) decreased cell proliferation, DNA synthesis, DNA adduct formation, and changes in DNA repair; and (e) modification of xenobiotic metabolism resulting from changes in liver and other tissue enzymes that notably respond to dietary factors.
The abundance of evidence and growing knowledge about diet and and its relation to chronic diseases offer promising leads toward prevention of some of the more common nonneoplastic and neoplastic diseases in human populations. In addition, current knowledge about diet, including calories, fat, protein, and methyl group sources, vitamins A and related retinoids, selenium, calcium, zinc, and fiber, all offer suggestions for further fruitful study and use in the advancement of safety evaluation of drugs and other chemicals in experimental animal models currently in use in government, academia, and industry.
SUMMARY
The preceding data clearly illustrate the importance of diet in the safety evaluation of drugs and other chemicals, with respect to human safety. Dietary aspects have been largely neglected in drug research and development. However, evidence from this symposium demonstrates that the matter has now drawn the attention of both investigators and management personnel from industry and government. The diet can have a profound effect on the response of experimental animals to chemical exposure and is critical to successful safety evaluation of drugs and other chemicals. However, adherence to precise definition of the diet and its individual components, with respect to effects on tissue alterations, is not in itself sufficient; exquisite attention to details of the diet would not accomplish the desired end results without accurate and reproducible measurement of tissue changes observed in animals under test. Advanced and powerful technology such as computer-aided tissue analysis and digital specimen technology are now available to assist the toxicologic pathologist and to assure the best in safety evaluations for the consuming public.
